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-13.52 [-22.76,  -4.28]
-13.07 [-21.96,  -4.17]
-12.62 [-21.40,  -3.83]
-17.18 [-35.01,   0.66]
-21.21 [-38.88,  -3.54]
-25.24 [-42.81,  -7.66]
 -8.37 [-21.82,   5.08]

-13.65 [-26.94,  -0.36]
-18.93 [-32.11,  -5.75]

  0.44 [ -8.66,   9.53]
 -6.09 [-15.00,   2.82]

-12.62 [-21.40,  -3.83]

A. No rainfall decrease

-60 -40 -20 0 20

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-33.74 [-52.51, -14.97]
-30.79 [-49.18, -12.41]
-27.85 [-46.03,  -9.66]

-24.94 [-39.17, -10.71]
-23.24 [-37.09,  -9.38]
-21.54 [-35.20,  -7.87]
-16.13 [-25.88,  -6.38]
-15.68 [-25.02,  -6.34]
-15.23 [-24.37,  -6.08]
-19.79 [-38.54,  -1.04]
-23.82 [-42.25,  -5.38]
-27.85 [-46.03,  -9.66]
-10.98 [-25.16,   3.20]
-16.26 [-30.15,  -2.37]
-21.54 [-35.20,  -7.87]
 -2.17 [-11.80,   7.46]
 -8.70 [-18.06,   0.66]

-15.23 [-24.37,  -6.08]

B. 10% rainfall decrease

-60 -40 -20 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-19.68 [-40.65,  1.29]
-16.73 [-37.69,  4.23]
-13.78 [-34.89,  7.33]
-10.87 [-27.62,  5.88]
 -9.17 [-25.88,  7.54]
 -7.47 [-24.30,  9.35]

 -2.06 [-15.00, 10.87]
 -1.61 [-14.46, 11.23]
 -1.16 [-14.07, 11.74]
 -5.72 [-26.80, 15.35]
 -9.75 [-30.81, 11.31]
-13.78 [-34.89,  7.33]
  3.08 [-13.70, 19.87]
 -2.19 [-18.97, 14.58]
 -7.47 [-24.30,  9.35]
 11.89 [ -0.96, 24.74]
  5.36 [ -7.49, 18.22]

 -1.16 [-14.07, 11.74]

C. No rainfall decrease & adaptation

-60 -40 -20 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-22.29 [-44.54, -0.03]
-19.34 [-40.98,  2.30]
-16.39 [-37.58,  4.79]
-13.48 [-31.37,  4.40]
-11.78 [-29.11,  5.55]
-10.08 [-27.01,  6.84]
 -4.67 [-18.56,  9.21]
 -4.22 [-17.62,  9.17]
 -3.77 [-16.83,  9.29]
 -8.33 [-29.49, 12.82]
-12.36 [-33.51,  8.78]
-16.39 [-37.58,  4.79]
  0.47 [-16.32, 17.27]
 -4.80 [-21.65, 12.04]
-10.08 [-27.01,  6.84]
  9.28 [ -3.57, 22.14]
  2.75 [-10.18, 15.69]
 -3.77 [-16.83,  9.29]

D. 10% rainfall decrease & adaptation



Amérique du sud 

 
  

-40 -30 -20 -10 0 10

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-28.63 [-37.47, -19.80]
-25.68 [-34.01, -17.36]
-22.74 [-30.94, -14.53]
-20.45 [-27.32, -13.58]
-18.75 [-25.06, -12.44]
-17.05 [-23.20, -10.90]
-12.27 [-17.27,  -7.26]
-11.82 [-16.15,  -7.49]
-11.37 [-15.47,  -7.27]
-14.68 [-22.91,  -6.44]

-18.71 [-26.86, -10.56]
-22.74 [-30.94, -14.53]
 -6.49 [-12.68,  -0.31]
-11.77 [-17.89,  -5.66]

-17.05 [-23.20, -10.90]
  1.69 [ -2.50,   5.88]
 -4.84 [ -8.93,  -0.75]

-11.37 [-15.47,  -7.27]

A. No rainfall decrease

-50 -40 -30 -20 -10 0 10

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-31.24 [-40.64, -21.84]
-28.29 [-37.49, -19.10]
-25.35 [-34.66, -16.03]
-23.06 [-30.23, -15.89]
-21.36 [-28.28, -14.45]
-19.66 [-26.64, -12.68]
-14.88 [-19.92,  -9.83]
-14.43 [-19.09,  -9.76]
-13.98 [-18.63,  -9.33]
-17.29 [-26.59,  -7.98]

-21.32 [-30.55, -12.08]
-25.35 [-34.66, -16.03]

 -9.10 [-16.13,  -2.08]
-14.38 [-21.33,  -7.44]

-19.66 [-26.64, -12.68]
 -0.92 [ -5.71,   3.86]

 -7.45 [-12.12,  -2.79]
-13.98 [-18.63,  -9.33]

B. 10% rainfall decrease

-30 -20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-17.18 [-25.21, -9.14]
-14.23 [-21.90, -6.56]
-11.28 [-19.03, -3.53]
 -8.99 [-16.68, -1.31]
 -7.30 [-14.65,  0.06]
 -5.60 [-12.97,  1.78]
 -0.81 [ -8.62,  7.00]
 -0.36 [ -7.87,  7.15]
  0.09 [ -7.38,  7.55]

 -3.22 [-10.60,  4.16]
 -7.25 [-14.72,  0.22]

-11.28 [-19.03, -3.53]
  4.96 [ -2.04, 11.96]
 -0.32 [ -7.44,  6.81]

 -5.60 [-12.97,  1.78]
 13.14 [  6.01, 20.27]
  6.61 [ -0.65, 13.88]
  0.09 [ -7.38,  7.55]

C. No rainfall decrease & adaptation

-30 -20 -10 0 10 20

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-19.79 [-28.19, -11.38]
-16.84 [-24.79,  -8.88]
-13.89 [-21.76,  -6.02]
-11.60 [-19.33,  -3.88]
 -9.91 [-17.18,  -2.63]
 -8.21 [-15.34,  -1.07]
 -3.42 [-11.05,   4.20]
 -2.97 [-10.19,   4.24]
 -2.52 [ -9.57,   4.53]

 -5.83 [-13.21,   1.55]
 -9.86 [-17.42,  -2.30]

-13.89 [-21.76,  -6.02]
  2.35 [ -4.33,   9.03]
 -2.93 [ -9.78,   3.93]

 -8.21 [-15.34,  -1.07]
 10.53 [  3.88,  17.19]
  4.00 [ -2.81,  10.82]
 -2.52 [ -9.57,   4.53]

D. 10% rainfall decrease & adaptation



Europe 

 
  

-20 -10 0 10 20

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-11.22 [-18.30, -4.14]
 -8.27 [-14.55, -1.99]
 -5.32 [-11.41,  0.77]
 -7.39 [-12.97, -1.81]
 -5.69 [-10.47, -0.91]
 -3.99 [ -8.56,  0.57]
 -3.56 [ -7.76,  0.63]
 -3.11 [ -6.44,  0.21]
 -2.66 [ -5.71,  0.38]
  2.74 [ -3.59,  9.07]
 -1.29 [ -7.40,  4.82]

 -5.32 [-11.41,  0.77]
  6.56 [  1.78, 11.35]
  1.29 [ -3.31,  5.88]
 -3.99 [ -8.56,  0.57]

 10.39 [  7.07, 13.72]
  3.87 [  0.76,  6.97]
 -2.66 [ -5.71,  0.38]

A. No rainfall decrease

-30 -20 -10 0 10 20

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-13.83 [-20.50, -7.16]
-10.88 [-16.92, -4.85]
 -7.93 [-13.88, -1.99]

-10.00 [-15.29, -4.71]
 -8.30 [-12.91, -3.69]
 -6.60 [-11.05, -2.16]
 -6.17 [-10.18, -2.16]
 -5.72 [ -8.95, -2.49]
 -5.27 [ -8.22, -2.32]
  0.13 [ -5.91,  6.17]
 -3.90 [ -9.79,  1.98]

 -7.93 [-13.88, -1.99]
  3.95 [ -0.65,  8.56]
 -1.32 [ -5.76,  3.11]

 -6.60 [-11.05, -2.16]
  7.78 [  4.52, 11.04]
  1.26 [ -1.76,  4.27]
 -5.27 [ -8.22, -2.32]

B. 10% rainfall decrease

-20 -10 0 10 20 30 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

 0.24 [-11.28, 11.75]
 3.18 [ -7.87, 14.24]
 6.13 [ -4.75, 17.02]
 4.06 [ -6.54, 14.67]
 5.76 [ -4.44, 15.97]
 7.46 [ -2.57, 17.50]
 7.89 [ -1.99, 17.77]
 8.34 [ -1.17, 17.86]
 8.79 [ -0.56, 18.15]
14.19 [  3.39, 24.99]
10.16 [ -0.63, 20.95]
 6.13 [ -4.75, 17.02]
18.02 [  8.11, 27.93]
12.74 [  2.81, 22.68]
 7.46 [ -2.57, 17.50]

21.85 [ 12.64, 31.06]
15.32 [  6.07, 24.58]
 8.79 [ -0.56, 18.15]

C. No rainfall decrease & adaptation

-20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-2.37 [-13.72,  8.97]
 0.57 [-10.47, 11.62]
 3.52 [ -7.51, 14.55]
 1.45 [ -9.08, 11.99]
 3.15 [ -7.09, 13.40]
 4.85 [ -5.34, 15.05]
 5.28 [ -4.62, 15.19]
 5.73 [ -3.88, 15.35]
 6.18 [ -3.33, 15.70]
11.58 [  0.77, 22.39]
 7.55 [ -3.32, 18.42]
 3.52 [ -7.51, 14.55]
15.41 [  5.40, 25.42]
10.13 [  0.07, 20.19]
 4.85 [ -5.34, 15.05]
19.24 [  9.84, 28.64]
12.71 [  3.28, 22.14]
 6.18 [ -3.33, 15.70]

D. 10% rainfall decrease & adaptation



Afrique 

 
  

-80 -40 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-34.30 [-77.18,  8.59]
-31.35 [-73.87, 11.17]
-28.40 [-70.63, 13.83]
-24.70 [-56.97,  7.57]
-23.00 [-54.93,  8.93]
-21.30 [-52.97, 10.37]
-15.10 [-36.78,  6.58]
-14.65 [-36.00,  6.70]
-14.20 [-35.31,  6.91]
-20.34 [-62.53, 21.85]
-24.37 [-66.57, 17.83]
-28.40 [-70.63, 13.83]
-10.74 [-42.31, 20.82]
-16.02 [-47.63, 15.58]
-21.30 [-52.97, 10.37]
 -1.15 [-22.09, 19.80]
 -7.67 [-28.69, 13.34]
-14.20 [-35.31,  6.91]

A. No rainfall decrease

-100 -60 -20 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-36.91 [-82.50,  8.69]
-33.96 [-79.30, 11.38]
-31.01 [-76.17, 14.15]
-27.31 [-61.58,  6.96]
-25.61 [-59.64,  8.43]
-23.91 [-57.79,  9.97]
-17.71 [-40.68,  5.26]
-17.26 [-40.00,  5.48]
-16.81 [-39.41,  5.79]

-22.95 [-68.21, 22.31]
-26.98 [-72.18, 18.22]
-31.01 [-76.17, 14.15]
-13.35 [-47.28, 20.57]
-18.63 [-52.52, 15.26]
-23.91 [-57.79,  9.97]
 -3.76 [-26.36, 18.85]

-10.28 [-32.87, 12.30]
-16.81 [-39.41,  5.79]

B. 10% rainfall decrease

-80 -40 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-22.84 [-68.21, 22.53]
-19.89 [-65.39, 25.61]
-16.94 [-62.65, 28.76]
-13.24 [-47.78, 21.30]
-11.54 [-46.17, 23.09]
 -9.84 [-44.64, 24.95]
 -3.65 [-27.65, 20.36]
 -3.20 [-27.24, 20.85]
 -2.74 [-26.91, 21.42]
 -8.88 [-54.26, 36.49]
-12.91 [-58.44, 32.61]
-16.94 [-62.65, 28.76]
  0.71 [-33.82, 35.25]
 -4.57 [-39.22, 30.09]
 -9.84 [-44.64, 24.95]
 10.31 [-13.68, 34.30]
  3.78 [-20.28, 27.85]
 -2.74 [-26.91, 21.42]

C. No rainfall decrease & adaptation

-80 -40 0 20 40

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-25.45 [-68.02, 17.12]
-22.50 [-64.81, 19.80]
-19.55 [-61.66, 22.55]
-15.85 [-48.06, 16.35]
-14.15 [-46.11, 17.81]
-12.45 [-44.24, 19.33]
 -6.26 [-28.43, 15.92]
 -5.81 [-27.75, 16.14]
 -5.35 [-27.15, 16.44]

-11.50 [-53.73, 30.74]
-15.52 [-57.68, 26.63]
-19.55 [-61.66, 22.55]
 -1.90 [-33.76, 29.96]
 -7.18 [-38.99, 24.63]

-12.45 [-44.24, 19.33]
  7.70 [-14.11, 29.51]
  1.17 [-20.62, 22.97]
 -5.35 [-27.15, 16.44]

D. 10% rainfall decrease & adaptation



Asie 

 
  

-30 -20 -10 0 10

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-17.36 [-22.31, -12.41]
-14.41 [-18.67, -10.15]
-11.46 [-15.70,  -7.22]
-11.99 [-16.02,  -7.97]
-10.29 [-13.59,  -7.00]
 -8.60 [-11.78,  -5.41]
 -6.63 [ -9.84,  -3.43]
 -6.18 [ -8.55,  -3.81]
 -5.73 [ -7.85,  -3.61]
 -3.40 [ -7.07,   0.27]

 -7.43 [-11.27,  -3.59]
-11.46 [-15.70,  -7.22]

  1.96 [ -0.77,   4.69]
 -3.32 [ -6.17,  -0.46]
 -8.60 [-11.78,  -5.41]
  7.32 [  5.38,   9.27]
  0.80 [ -1.12,   2.71]
 -5.73 [ -7.85,  -3.61]

A. No rainfall decrease

-30 -20 -10 0 10

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-19.97 [-25.15, -14.78]
-17.02 [-21.49, -12.54]
-14.07 [-18.57,  -9.57]

-14.60 [-18.87, -10.34]
-12.90 [-16.40,  -9.41]
-11.21 [-14.60,  -7.81]
 -9.24 [-12.69,  -5.79]
 -8.79 [-11.35,  -6.23]
 -8.34 [-10.64,  -6.05]
 -6.01 [-10.15,  -1.87]
-10.04 [-14.22,  -5.86]
-14.07 [-18.57,  -9.57]

 -0.65 [ -3.84,   2.55]
 -5.93 [ -9.11,  -2.75]

-11.21 [-14.60,  -7.81]
  4.71 [  2.33,   7.10]
 -1.81 [ -4.03,   0.40]

 -8.34 [-10.64,  -6.05]

B. 10% rainfall decrease

-20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-5.90 [-16.30,  4.50]
-2.95 [-12.95,  7.05]
-0.01 [ -9.92,  9.91]

-0.54 [-10.38,  9.30]
 1.16 [ -8.33, 10.65]
 2.86 [ -6.53, 12.25]
 4.82 [ -4.55, 14.20]
 5.27 [ -3.80, 14.35]
 5.73 [ -3.25, 14.70]
 8.05 [ -1.56, 17.67]
 4.02 [ -5.67, 13.72]
-0.01 [ -9.92,  9.91]

13.42 [  4.28, 22.55]
 8.14 [ -1.08, 17.35]
 2.86 [ -6.53, 12.25]

18.78 [ 10.01, 27.55]
12.25 [  3.41, 21.09]
 5.73 [ -3.25, 14.70]

C. No rainfall decrease & adaptation

-20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-8.51 [-18.71,  1.68]
-5.56 [-15.43,  4.31]
-2.62 [-12.47,  7.24]
-3.15 [-12.80,  6.51]
-1.45 [-10.83,  7.93]
 0.25 [ -9.11,  9.61]
 2.21 [ -6.99, 11.42]
 2.66 [ -6.32, 11.65]
 3.11 [ -5.85, 12.08]
 5.44 [ -4.21, 15.10]
 1.41 [ -8.28, 11.11]
-2.62 [-12.47,  7.24]
10.81 [  1.62, 19.99]
 5.53 [ -3.71, 14.76]
 0.25 [ -9.11,  9.61]

16.17 [  7.35, 24.99]
 9.64 [  0.78, 18.51]
 3.11 [ -5.85, 12.08]

D. 10% rainfall decrease & adaptation



Océanie 

 
  

-30 -20 -10 0 10 20

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-17.48 [-24.50, -10.46]
-14.53 [-21.07,  -8.00]
-11.59 [-18.09,  -5.09]
-12.09 [-17.63,  -6.55]
-10.39 [-15.38,  -5.40]
 -8.69 [-13.57,  -3.81]
 -6.69 [-10.86,  -2.53]
 -6.24 [ -9.72,  -2.77]
 -5.79 [ -9.04,  -2.54]
 -3.53 [ -9.66,   2.61]

 -7.56 [-13.78,  -1.33]
-11.59 [-18.09,  -5.09]

  1.87 [ -2.73,   6.46]
 -3.41 [ -8.07,   1.24]

 -8.69 [-13.57,  -3.81]
  7.26 [  4.13,  10.40]
  0.73 [ -2.38,   3.84]
 -5.79 [ -9.04,  -2.54]

A. No rainfall decrease

-30 -20 -10 0 10

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-20.09 [-26.72, -13.46]
-17.14 [-23.22, -11.07]
-14.20 [-20.23,  -8.17]
-14.70 [-19.94,  -9.46]
-13.00 [-17.63,  -8.37]
-11.30 [-15.81,  -6.79]
 -9.30 [-13.26,  -5.35]
 -8.85 [-12.08,  -5.63]
 -8.40 [-11.40,  -5.40]
 -6.14 [-12.09,  -0.19]
-10.17 [-16.05,  -4.29]
-14.20 [-20.23,  -8.17]

 -0.74 [ -5.25,   3.76]
 -6.02 [-10.44,  -1.61]
-11.30 [-15.81,  -6.79]

  4.65 [  1.49,   7.81]
 -1.88 [ -4.85,   1.10]

 -8.40 [-11.40,  -5.40]

B. 10% rainfall decrease

-20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-6.03 [-17.94,  5.89]
-3.08 [-14.71,  8.55]
-0.13 [-11.74, 11.47]
-0.63 [-11.44, 10.18]
 1.07 [ -9.50, 11.63]
 2.77 [ -7.77, 13.30]
 4.76 [ -5.14, 14.66]
 5.21 [ -4.49, 14.91]
 5.66 [ -4.02, 15.34]
 7.93 [ -3.61, 19.46]
 3.90 [ -7.62, 15.41]

-0.13 [-11.74, 11.47]
13.32 [  2.84, 23.80]
 8.04 [ -2.43, 18.52]
 2.77 [ -7.77, 13.30]
18.72 [  9.07, 28.36]
12.19 [  2.55, 21.83]
 5.66 [ -4.02, 15.34]

C. No rainfall decrease & adaptation

-30 -20 -10 0 10 20 30

Yield change (%)

C4 +4°C +200ppm 
C4 +4°C +100ppm 
C4 +4°C +0ppm 
C4 +3°C +200ppm 
C4 +3°C +100ppm 
C4 +3°C +0ppm 
C4 +2°C +200ppm 
C4 +2°C +100ppm 
C4 +2°C +0ppm 
C3 +4°C +200ppm 
C3 +4°C +100ppm 
C3 +4°C +0ppm 
C3 +3°C +200ppm 
C3 +3°C +100ppm 
C3 +3°C +0ppm 
C3 +2°C +200ppm 
C3 +2°C +100ppm 
C3 +2°C +0ppm 

-8.64 [-20.73,  3.46]
-5.69 [-17.48,  6.10]
-2.74 [-14.53,  9.05]
-3.24 [-14.44,  7.96]
-1.54 [-12.48,  9.39]
 0.16 [-10.76, 11.07]
 2.15 [ -8.39, 12.69]
 2.60 [ -7.69, 12.90]
 3.05 [ -7.20, 13.30]
 5.32 [ -6.15, 16.79]

 1.29 [-10.28, 12.86]
-2.74 [-14.53,  9.05]
10.71 [  0.10, 21.32]
 5.43 [ -5.29, 16.15]

 0.16 [-10.76, 11.07]
16.11 [  6.11, 26.11]
 9.58 [ -0.52, 19.68]
 3.05 [ -7.20, 13.30]

D. 10% rainfall decrease & adaptation
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Agricultural Yields

Relative Changes Due to Elevated CO
2
 (%)

-20 0 20 40 60 80 100 120

Grape berries (woody)
Cotton bolls (seed + lint) (woody)

Clover forage (C3 legume)

Potato tubers (C3 forb)

Soybean genotype range SoyFACE

Wheat, rice, barley grain (C3 grasses)

Ryegrass forage biomass (C3 grass)

Ample N, Low H2O

Ample N, Ample H2O

Low N, Ample H2O

Soybean pea peanut bean (C3 grain leg.)

Hybrid rice grain China (C3 grass)

Maize, sorghum (C4 grasses)

Cassava (C3 forb)
Sugar beet (C3 forb)

Rice cultivar range Japan (C3 grass)

Mustard, rape (C3 oilseed)

Coffee beans (woody)

Changement relatif du à une augmentation de  [CO2] à 550 ppm environ 

Azote et eau non limitants 
Azote limitant eau non limitante 
Azote non limitant eau limitante 

Raygras anglais, biomasse, (graminée C3) 
Blé, riz et orge grain (graminée C3) 
Riz hybride, grain, Chine (graminée C3) 
Diverses variétés de riz, Japon  
Soja, pois, arachide, haricot (C3, lég.) 
Gamme de variétés de soja (C3 lég) 
Maïs et Sorgho (graminée C4) 
Tubercules (C3) 
Betterave à sucre (C3) 
 
Trèfle (C3 leg) 
Moutarde, colza (C3 oléagineux) 
Cotton, fleurs (ligneux en C3) 
Vigne grappes, (ligneux en C3° 
Café, baies, (ligneux en C3) 
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R2010

X2010

R

X

R2050            si évolutions techniques modérées

R2050            si évolutions techniques soutenues

Incertitudes sur les usages 
des intrants 

Incertitudes sur le 
progrès technique 
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 T=0 : constat dressé 
par l’agriculteur 

T=1 à T=5 ans T=5 à T=20 ans T> 20 ans 

 Parcelle 
 

Adaptations 
incrémentales 

  

 Rotation 
 

 Adaptations systémiques  

 Exploitation 
 

 Adaptations systémiques Adaptations systémiques 

 Paysage, région  
 

 Adaptations 
transformationnelles 

Adaptations 
transformationnelles 

 
 
 

Adaptations 
spontanées 

Adaptations autonomes 
Adaptations incitées 

Adaptations 
 Incitées 

- 
- 

- 



- 

- 

- 
- 
- 
- 
- 







- 

- 

- 

- 

- 
- 

- 













Rotation 1 orge printemps orge printemps potato blé hiver

Rotation 2 blé hiver blé hiver betterave sucre orge printemps

Rotation 3 blé hiver blé hiver orge printemps orge hiver colza hiver

Rotation 1+CIPAN orge printemps ryegrass orge printemps ryegrass potato blé hiver radis four.

Rotation 2+CIPAN blé hiver blé hiver radis four. betterave sucre orge printemps

Rotation 3+CIPAN blé hiver blé hiver radis four. orge printemps orge hiver colza hiver

Rotation 3+Maïs blé hiver maïs grain maïs grain v orge printemps colza hiver

Rotation 3+CIPAN+Maïs blé hiver radis four. maïs grain ryegrass maïs grain ryegrass orge printemps colza hiver

Rotations 

de base

Rotations 

avec piège à 

nitrates

Rotation 

modifiée

Climat CO2(ppm) Rotation +CIPAN Sans CIPAN +CIPAN sans CIPAN

Baseline 350 6.2 5.9 6.2 5.9

2020 418 6.5 6.1 6.4 6

2040 483 6.6 6.2 6.7 6.1

2060 563 6.6 6.1 6.8 6.3

2080 639 6.5 6 6.7 6

Baseline 350 6.8 7 6.8 7

2020 418 7.1 7.4 7.3 7.7

2040 483 7.5 7.9 7.5 8

2060 563 7.8 8.2 8 8.4
2080 639 8 8.2 8.4 8.6

Baseline 350 5.3 5.4 5.3 5.4

2020 418 5.4 5.5 5.4 5.5

2040 483 5.5 5.5 5.4 5.5

2060 563 5.6 5.6 5.5 5.6

2080 639 5.6 5.6 5.5 5.6

2040 483 6.1 6 5.7 5.7

2060 563 6.1 6 5.8 5.8

2080 639 6 5.9 5.8 5.7

*irrigated rotation

Rotation 3 

(sol 

limoneux)

Rotation 3 

+Maïs

KNMI METO

Rotation 1 

(sol sableux 

irrigué)

Rotation 2 

(sol 

limoneux)













̈



Requête Libellé des requêtes # références 
collectées 

# références 
retenues 

Sol 1 TITLE: (climat* or "warming" or future or trend* or projecti* or forecast*)  
AND TITLE: ((("soil*" or "land*" or area*) AND (arable or cultivable or 
agricult*)) or ((pasture* or grassland* or cropland*) AND (soil* or area*)))  
AND TOPIC: (surface or availab* or expansion or resource* or scarcity or 
erosion or degrad* or deplet* or damag* or declin* or quality or fertility 
or threat or compaction or salinization or Sealing or sharing or "organic 
matter") 

173 36  
(10 

communes 
avec 2) 

Sol 2 TITLE: (climat* or "warming" or future or trend* or projecti* or forecast*)  
AND TITLE: (("soil*" or "land*" or area*) AND (arable or cultivable or 
agricult* or crop*)) or pasture* or grassland* or cropland* 
AND TITLE: ((surface or availab* or expansion or resource* or scarcity or 
erosion or degrad* or deplet* or damag* or declin* or quality or fertility 
or threat or compaction or salinization or Sealing or sharing or "organic 
matter")) 

128 14  
(10 

communes 
avec 1) 

Sol 3 TITLE: (world or global or review) 
AND TITLE: ("land use")  

379 64 

Total   125 

- 
- 
- 
- 
- 
- 

19



̈

http://www.fao.org/fileadmin/templates/ess/ess_test_folder/Definitions/Land_Use_Definitions_FAOSTAT_FR.xlsx
http://www.fao.org/faostat/fr/#home




https://www.data.gouv.fr/fr/datasets/corine-land-cover-occupation-des-sols-en-france/
https://ec.europa.eu/eurostat/statistics-explained/index.php/LUCAS_-_Land_use_and_land_cover_survey
http://www.fao.org/faostat/en/#data/RL
http://www.earthstat.org/cropland-pasture-area-2000/


 
1901 1961 2015 1901-1961 1962 - 2015 

Usage des terres  Surfaces (en millions ha) Variation de surfaces (en millions ha) 

Terres urbanisées 8 20 54 12 34 

Terres forestières 4193 3878 3676 -315 -202 

Terres agricoles 2475 4322 4808 1847 486 

Dont terres en culture 829 1345 1557 516 212 

Dont terres de prairies et pâturages 
permanents 

1646 2977 3251 1331 274 

Autres terres 6131 4587 4269 -1544 -323 



http://www.iiasa.ac.at/Research/LUC/GAEZ/home.htm
http://gaez.fao.org/Main.html
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  Données du portail GAEZ (V3.0) Zabel et al., 2014  Fischer et al., 2010 Ramankutty et al., 2002 Zhang et Cai, 2011 

Variable Surfaces en Mkm² réparties en 7 
catégories d’aptitude culturale 
  

Surfaces en Mkm² 
réparties en 4 catégories 
de d’aptitude culturale  

Surfaces en ha réparties en 4 
catégories 

Surfaces en Mkm² caractérisées par le 
calcul d’un « indice d’aptitude 
culturale » (indice continu entre 0-1, 
discrétisé en 10 classes) 

Variations de surfaces cultivables en Km²  

Caractérisation de 
l’aptitude des surfaces 
à l’agriculture 

Détermination d’un indice 
d’aptitude par le croisement, 
pour chaque culture considérée, 
de son optimum de croissance 
avec les conditions climatiques 
(température, disponibilité en 
eau) et édaphiques (sol, 
pente…).  

Modélisation en logique 
floue pour calculer 
l'aptitude de l'agriculture 
mondiale à cultiver les 
16 principales cultures 
alimentaires et 
énergétiques en fonction 
des conditions 
climatiques, 
pédologiques et 
topographiques 

Détermination d’un indice 
d’aptitude par le croisement, 
pour chaque culture 
considérée, de son optimum de 
croissance avec les conditions 
climatiques (température, 
disponibilité en eau) et 
édaphiques (sol, pente…).  

Étude des relations existantes entre 
les terres cultivées, les indices 
climatiques et les indices des 
caractéristiques du sol (degré jour de 
croissance-5, rapport et P 
réelle/potentielle, Corg et pH du sol) 

Modélisation en logique floue. L’aptitude 
à l'agriculture (Cai et al 2011) est 
caractérisée par 4 facteurs : propriétés du 
sol, pente du terrain, régime de 
température du sol et humidité. Les terres 
arables potentielles sont estimées comme 
étant la somme des terres convenables et 
des terres marginalement convenables.  

Période de référence 1961-1990 1981-2010 1961-1990 1990 1961-1990 

Horizon(s) considéré(s) 2020s, 2050s,  2080s 2071-2100 2050s 2100 2070-2099 

Scénario(s) 
climatique(s) 
considéré(s)  

SRES A1F1; A2;  B1; B2 SRES A1B * SRES A2 IS92a (scénario ancien du GIEC situé 
entre A2 et B2) 

SRES A1B; B1 (avec un ensemble de 
modèles) 

Découpage 
géographique  

Pays 23 20 16 Africa – China – India – Europe - South 
America - U.S.A 

Résolution 5 arc-minutes et 30 arc-seconds 30 arc-seconds 5 arc-minutes 30 arc-minutes 30 arc-secondes 

Traitement des zones 
protégées 

Incluses dans les surfaces et 
parfois soustraites  

Incluses dans les surfaces  Soustraites des surfaces Incluses dans les surfaces Soustraites des surfaces arables 

Propriétés du sol/CC Inchangées  Inchangées Inchangées Inchangées Inchangées 

Effet CO2 Avec ou sans Sans Sans Avec  Sans 

Cultures considérées 40 16 5 groupes de plantes 
considérés (céréales, racines et 
tubercules, légumineuses, 
sucrières et oléagineux) 

Non précisé, tout type de plantes 
(fonction du climat et du sol) 

Non précisé 

Prise en compte de 
l’irrigation 

Pluvial et Irrigué distincts Surfaces irriguées 
constantes (données 
Aquastat FAO) 

Pluvial uniquement Pluvial uniquement Pluvial uniquement  

Niveau d’intrants de 
synthèse 

High, mixed, low Non précisé Mixed and low Non précisé Non précisé 

Stratégies d’adaptation 
de l’agriculture au CC 

Non Non Non Non Non 
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GAEZ v3.0 Zabel et al., 2014 Ramankutty et al., 2002 Zhang et Cai, 2011* 

France 1% France 0%   

Germany 0% Germany 0%   

United Kingdom 1% United Kingdom 1%   

South Europe 0% Mediterranean  -11%   

Poland 0% 

Rest of Europe 0% 

  

East Europe 0%   

Central Europe 11%   

Rest of Europe 36% Benelux + Scandinavia 14%   

Total Europe 9% Total Europe -1% OECD Europe 17% Europe -17% -17% 

Canada, USA 35% Canada, USA 27% Canada, USA 43% USA 9% 4% 

Brazil, Argentina -9% 
Latin America 

0%  
Mexico + North and 
South AM + Argentina 2%  

South America -21%  -9%  
Rest of America -5% 

Former Soviet Union 54% Former Soviet Union 44% Former Soviet Union 57% Russia 52% 67% 

China 14% China 18% 

Asia 

13% 

China 36% 25% 

India 1% India 0% India -4% -3% 

Rest of Asia 15% 
Japan + South East Asia 
+ Malaysia + Indonesia 0% 

      

Near and Middle 
East -13% 

Middle East 
-20% Middle East 2% 

      

North Africa -51%   
Africa 
  

  
-1% 

  

North Africa -18% 

Africa -7% -18% West Africa -4% Tropical Africa -2% 

ECS Africa -3%     

Oceania -13% Australia + New Zealand 2% Oceania -7%       

GLOBAL 11%   7%   17%   -1% -2% 
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http://www.fao.org/faostat/fr/#data/ES


Approach  Benefits  Limitations  

Expert opinion: Oldeman et al., 1991 
(GLASOD)* - Dregne et Chou, 1992 - 
Bot et al., 2000 (FAO TerraSTAT)* 
 

• Captures degradation in the past  
• Measures actual and potential 

degradation  
• Can consider both soil and 

vegetation degradation  

• Not globally consistent  
• Subjective and qualitative  
• Actual and potential degradation  

sometimes combined  
• The state and process of  

degradation often combined  

Satellite-derived net primary 
productivity: Bai et al., 2008 
(GLADA)* 

• Globally consistent  
• Qualitative  
• Readily repeatable  
• Measures actual rather than  
• potential changes  

• Neglects soil degradation  
• Only captures the process of  

degradation occuring following 
1980, rather than complete status of 
land  

• Can be confounded by other 
biophysical conditions  

Biophysical models: Cai et al., 2011  
•  Globally consistent 
•  Quantitative  

• Limited to current croplands  
• Does not include vegetation  

degradation  
• Measures potential, rather than  

actual degradation  

Abandoned cropland: 
Field et al., 2008 - Campbell et al., 
2008  

• Globally consistent  
• Quantitative  
• Captures changes 1700 onward  
• Measures actual rather than  
• potential changes  

• Neglects land and soil degradation 
outside of abandonment  

• Includes lands not necessarily 
degraded  

Zone Oldeman et al., 1991 
(GLASOD)1 

Bai et al., 2008 
(GLADA) 

Cai et al. (2011) Campbell et al. 
(2008) 

Afrique 321 660 132 69 

Asie 453 912 490 118 

Australie et Pacifique 6 236 13 74 

Europe 158 65 104 60 

Amérique du Nord et 
Centrale 

140 469 96 79 

Amérique du Sud 139 398 156 69 

Monde (total) 1216 2740 991 470 

Winkler et al. (2019) 



Regions 
continentals  

Crop land 
(%)  

Mosaic 
vegetation
-crop (%)  

Forested 
land (%)  

Mosaic forest-
shrub/grass 
(%)  

Shrub land 
(%)  

Grass land 
(%)  

Sparse 
vegetation 
(%)  

Asia 30 31 30 36 33 24 43 

Europe 19 21 21 20 6 17 17 

North Africa 
and Near East  

45 42 30 36 39 52 18 

Sub-Saharan 
Africa 

12 26 26 26 28 40 29 

Latin America 
and Caribbean  

25 16 10 29 29 24 34 

North America 
and Australasia  

17 16 32 36 27 40 22 

World  25 25 23 29 25 33 23 





Propriété du sol / dégradation Influence de la baisse en MO Changement de propriété/dégradation 

Stabilité des agrégats 1%  Baisse de 10-40% 

Perte de sol par érosion hydrique De 4% à 2% Augmentation de 50% 

Perte de sol par érosion éolienne De 5% à 1% Augmentation de 55 à 65% 

Indice de friabilité 1% Perte de 0,3 unités 

(Macro) porosité 1% Baisse de 1 à 2% 

Rétention d’eau De 7% à 3% Jusqu’à 10% de réduction 

Biodiversité, fonctions biologiques du sol Pas de connaissances Pas de connaissances 

Biomasse microbienne De 5% à 2% Baisse de 90% 



http://www.fao.org/faostat/fr/#data/ES


 pays impact sur rendement calorique (Gcal ha−1) % de perte rendement calorique 

 France 10 5 

 Allemagne 14 7 

 Royaume-Uni 13 6 

 Pologne 26 14 

Reste de 
l’Europe 

Irlande 17 8 

Luxembourg 14 7 

Belgique 3 1 

Hollande 8 3 

Danemark 18 8 

Suède 33 22 

Finlande 12 9 

Norvège ND ND 

Estonie 51 38 

Lettonie 52 38 

Lituanie 43 31 

Europe du 
Sud 

Portugal 9 7 

Espagne 4 3 

Italie 11 6 

Slovénie 21 10 

Grèce 6 5 

Chypre ND ND 

Croatie ND ND 

Bosnie ND ND 

Monténégro ND ND 

Albanie ND ND 

Macédoine ND ND 

Europe de 
l’Est 

Hongrie 32 20 

Roumanie 21 15 

Bulgarie 27 20 

Serbie ND ND 

Europe 
Centrale 

Autriche 11 6 

République Tchèque 19 11 

Slovaquie 29 18 

Suisse ND ND 



 





 

https://www.iucn.org/fr/a-propos


 



 

http://www.fao.org/faostat/fr/#data/ES
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http://www.fao.org/3/a-mn442f.pdf
http://www.pnas.org/cgi/doi/10.1073/pnas.1222469111


̈

https://doi.org/10.5194/soil-5-15-2019
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http://agreste.agriculture.gouv.fr/IMG/pdf_nese101234A3.pdf
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Pays 

Progrès génétique (variétés – type 1) Progrès génétique (essais – type 2) FAOstat (1998-2017 – type 3) 

Etudes Rdt Moy  
q ha-1 

q ha-1 
an-1 

% an-1 Etudes Rdt Moy  
q ha-1 

q ha-1 
an-1 

% an-1 Rdt Moy  
q ha-1 

q ha-1 
an-1 

% an-1 

Algérie         13 0.26 1.92 

Allemagne Ahrends et al., 
2018 

84 0.32 0.39 Laidig et al., 2014  0.53 0.66b 75 nse ns 

Argentine Lo Valvo et al., 
2018 

78a 0.14 0.18     26 0.38 1.44 

Australie Sadras et Lawson, 
2011 

49a 0.25 0.51     18 ns ns 

Brésil Beche et al., 2014 37a 0.17 0.45     22 0.53 2.41 

Canada Pswarayi et al., 
2014 

42a 0.04 0.09a DePauw et al., 
2007 

 0.25 0.54b 28 0.74 2.68 

Chine Wu et al., 2014 67 0.66 1.00     46 1.00 2.19 

Egypte     Sharma et al., 
2012 

 1.12 1.13c 64 ns ns 

Etats-Unis Rife et al., 2019 16a 0.17 1.10 Graybosch et 
Peterson, 2010 

  ns 29 0.25 0.86 

Fédération russe Morgounov et al., 
2010d 

 0.15 0.70     21 0.57 2.70 

France Cormier et al., 
2013 

91 0.41 0.45 Lorgeou et al., 
2017 

 0.55  70 ns ns 

Grande-Bretagne     Mackay et al., 
2011 

 0.74  78 ns ns 

Inde     Sharma et al., 
2012 

 0.32 0.83c 28 0.30 1.07 

Ukraine         31 0.80 2.59 

 



https://www.pioneer.com/us/agronomy/corn_yield_gains.html


 Rendement 
moyen  
(t.ha-1)  

Gain de 
productivité 
(t.ha-1.y-1) 

Gain 
génétique 
(t.ha-1.y-1) 

Surface  
(M ha) 

Dernière année de 
référence 
Gain génétique 

Références 

Brésil, Argentine 7,57 
/ 5,62 

0,081* 
/ 0,146* 

0,110 
/ 0,065-0,100 

6,5 
/ 17,4 

2016 
/ 2014 

1, 2, 3, 4, 17 

Canada, USA 10,54 
/ 11,83 

0,185* 
/ 0,118* 

? 
/ 0,063-0,094 

1,4 
/ 33,6 

? 
/ 2005-2011 

1, 2, 5, 6, 16, 
18, 19 

Reste de l’Amérique 3,8 0,064* ? 7,3 ? 2  

EU-27 
France / global 

Ap. 9,0 0,06 / ? 0,100 / ?   7, 20, 21 

Afrique de l’Ouest 3,21 ? 0,030  2010 8, 22 

Chine 6,00 0,078 
~0,091 

0,063 36,3 2013-2014 9, 10, 11, 12 

Inde 2,56 0,110 ? 9,0 2014 13, 14 



 

 

https://www.nature.com/articles/s41559-018-0793-y%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0
https://www.nature.com/articles/s41559-018-0793-y%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0%C3%82%C2%A0


‐





Direction de l’Expertise scientifique collective, de la Prospective et des Études 
147, rue de l'Université 

75007, Paris 
Tél. : +33(0) 1 42 75 90 00 

Rejoignez-nous sur : 
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